Study aim: To assess the handgrip strength in Indian university softball players as dependent on selected hand-anthropometric variables. Material and methods: Indian university softball players (121 males and 122 females) and untrained controls (98 males and 102 females) aged 18 -25 years participated in the study. The following variables were recorded: body height and mass, BMI, right hand width and length, lengths of the right 2 nd , 3 rd and 4 th digits and right handgrip strength. Results: One-way ANOVA showed significant differences (p<0.05 -0.001) in all the characteristics studied, except body height, right hand length and right 2 nd digit length among these four sets of data. The right handgrip strength was significantly correlated (p<0.01 -0.001) with all the variables studied. Both in male and female softball players, the partition of R 2 into the contributions of individual independent variables revealed that body height (18%), hand width (11%), body mass (8%) and hand length (5%) significantly contributed to the total variance (44%) of handgrip strength.
Introduction
Softball is a direct descendant of baseball. It requires speed, strength and endurance [27] , handgrip playing a crucial role. The main basic aspects of the game, i.e. swing velocity and pitch speed, are greatly influenced by the grip strength of the player [9] . Softball players require a significant amount of upper body muscle balance due to the specificity of the forearm activity. Many athletes and coaches believe that the forearm plays a significant role both in hitting and throwing the ball [4] .
Handgrip strength is the result of forceful flexion of all finger joints with the maximum voluntary force that the subject is able to exert under normal biokinetic conditions [3, 23] using several hand and forearm muscles. The estimation of handgrip strength is of immense importance in sports like wrestling, tennis, handball, basketball, volleyball, baseball and softball, where sufficient degree of grip strength is necessary to be successful. For example, without adequate grip and forearm strength, tennis players may run the risk of developing lateral epicondylitis, commonly known as tennis elbow. Often overlooked or taken for granted, the grip strength plays a key role in injury prevention and overall strength development [5, 8, 31] . In many cases, strengthening the grip has been a prescription for rehabilitation from injuries such as golfers and tennis elbow [5] . These ailments are often caused by improper strength ratios between the elbow and the forearm muscles. If the elbow flexors, like biceps and brachialis, are too strong for the forearm flexors, uneven tension accumulates in the soft tissue and results in elbow pain [22] .
Grip strength determines the handedness of an individual. It is often used as an indicator of the overall physical strength [7] , muscle performance of the hand and forearm [20] , and as a functional index of nutritional status [10] [11] [12] 21, 28, 29] and physical performance [25] . Handgrip strength is a physiological variable that is affected by a number of factors including age, gender and body size. Strong correlations between grip strength and various somatic traits (body mass and height, hand length, etc.) were reported earlier [11, 14, 15, 24] .
Some reports related to morphological/anthropometric characteristics and handgrip strength of softball players are available [4, 9, 28, 30] . But, from the best of our knowledge, the information related to the correlations of hand anthropometry and grip strength in softball players largely remains unreported so far. In the present study, an attempt has been made to estimate the handgrip strength of interuniversity softball players, including its association with various hand anthropometric characteristics
Material and Methods

Subjects:
This cross-sectional study was based on 243 randomly selected Indian inter-university softball players (121 males and 122 females) aged 17 -25 years from Punjabi University, Patiala, Punjab University, Chandigarh, Guru Nanak Dev University, Amritsar, Kurukshetra University, Kurukshetra, Himachal Pradesh University, Himachal Pradesh and Delhi University, Delhi. The competition was organised at the Guru Nanak Dev University, Amritsar, Punjab, India. An adequate number of controls (98 males and 102 females, aged 17 -25 years, with no competitive sport background were randomly selected from the same places. All subjects submitted their written consents to participate. The data were collected under natural environmental conditions in morning hours (8:00 -12:00). The study was approved by the local ethics committee.
Anthropometric measurements: The following data were recorded: body height (cm), body mass (kg), BMI, right hand width (cm), lengths (cm) of the right hand and of the 2 nd , 3 rd and 4 th digits, and right handgrip strength (kg) by using standard techniques [1, 19] . All measurements were done in triplicates, the median values being taken for analysis. Body height was recorded during inspiration using a stadiometer (Holtain Ltd., Crymych, Dyfed, UK) to the nearest 0.1 cm, body mass was measured by digital medical scales (Model DS-410, Seiko, Tokyo, Japan) to the nearest 0.1 kg. Hand measurements were made using Vernier slide caliper (Starrett, 123 Series, U.S.A.). Maximum handgrip strength was measured (in triplicates, at 30-s intervals) using a standard adjustable digital dynamometer (Takei Scientific Instruments Co., LTD, Japan) in standing position with shoulder adducted and neutrally rotated, elbow in full extension. The dynamometer was held freely without support, not touching the subject's trunk. The position of the hand remained constant throughout the measurement. Anthropometric equipment and handgrip dynamometer were calibrated before each assessment and the measurements were conducted after 3 min of a warm-up.
Data analysis: All measurements were converted to logarithms and analysed allometrically: hand length vs. body height and other measurements vs. hand length. One-way ANOVA followed by Bonferroni's post-hoc test was used. All variables proved to be normally distributed by Shapiro-Wilk's test. Pearson's coefficients of correlations between the right handgrip strength with other variables and contributions of the independent variables to the total variability of the dependent variable were computed [26] . The SPSS software V. 17.0 was used, the level of p≤0.05 being considered significant.
Results
Mean values (±SD) of hand anthropometric characteristics and grip strength of Indian inter-university softball players and controls are shown in Table 1 . Significant differences (p<0.05 -0.001) were noted between male softball players and their control counterparts (not shown in the table) in right hand width and length, right 3 rd and 4 th digit length, whereas highly significant differences (p<0.001) were found between female softball players and controls in all the variables studied except body height, right hand length, and right 2 nd digit length. Highly significant gender differences (p<0.001) were found in softball players in all the variables studied. One-way ANOVA showed significant differences (p<0.05 -0.001) in all the characteristics studied, except body height, right hand length and right 2 nd digit length among these four sets of data. When allometric analysis was applied, the following results were obtained: male players had slightly (by about 3 -4 mm; p<0.01) longer hand in relation to body height compared with control subjects; no difference was found in the female subjects. The players differed from controls in having slightly greater hand width, and lengths of the 3 rd and 4 th fingers (all in relation to hand length; p<0.05). The same was true for handgrip strength and length of the 2 nd finger only for female subjects. Female players differed from controls in having higher (p<0.05) dominant handgrip strength in relation to hand length, whereas no such difference was found in male players.
Discussion
Somatic dimensions and morphological characteristics play an important role in determining the success of an athlete [13] . Quite naturally, the interest in anthropometric characteristics and body composition of athletes from different competitive sports has increased tremendously over the last decades. All ball games require comprehensive abilities including physical, technical, mental and tactical [27, 30] .
In this study, a significant difference in handgrip strength was found only between female players and controls. This could be due to regular physical exercise and practice of players that could be more pronounced in the female than in male subjects. Both in male and female softball players, the partition of R 2 into the contributions of individual independent variables revealed that body height (18%), hand width (11%), body mass (8%) and hand length (5%) significantly contributed to the total variance (44%) of handgrip strength. It was also reported that strong correlations existed between handgrip strength and height, weight, BMI and all the five hand anthropometric characteristics studied. In fact, all the flexor muscles of hand and forearm responsible for grip strength are closely related anatomically, physiologically and biomechanically to each other to perform the task, showing close affinity to each other. It was reported earlier that handgrip strength strongly correlated with various anthropometric characteristics [2, [15] [16] [17] [18] [19] , males attaining stronger handgrip than their female counterparts [2] . Right and left handgrip strength was positively correlated with body mass, body height and body surface area [6] . The data presented here carry immense practical applications. To excel the performance of the players as well as to avoid sport-specific injuries, the sports authorities can use the data to arrange gender-specific training programmes. As softball players require a significant amount of upper body muscle balance due to the specificity of the forearm activity, specific muscle(s) of hand and arm would be strengthened for specific purposes of the game. The data might be useful in future investigation on player selection and talent identification in the game. This would call, however, for a study on national level players in order to validate these correlations.
